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[0001] This application claims the benefit of Korean Application No. P2003-026562, 
filed on April 26, 2003, which is hereby incorporated by reference as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to an amplifier, and more particularly, to a power 
amplifier. Although the present invention is suitable for a wide scope of applications, it is 
particularly suitable for enhancing output efficiency. 

Discussion of the Related Art 

[0003] Recently, wireless telecommunication services, such as wireless telephones, 
wireless local area network (LAN), and so on, are being extensively provided throughout the 
world. More specifically, wireless mobile telecommunication services, such as the European 
global system for mobile communication (GSM) 900 in 890-915 MHz, the North American 
advanced mobile phone service (AMPS) 800 in 824-849 MHz, the U.S. personal communication 
system (PCS) 1900 in 1850-1910 MHz, the Korean PCS 1900 in 1750-1780 MHz, and so on, are 
being provided. 

[0004] Especially, recently developed mobile phones are used in diverse color moving 
images, which are highly power consuming, through wireless internet services, and so assembly 
parts requiring low power are on demand by mobile phone and communication service providers. 
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Among wireless mobile phones, the power amplifier of a radio frequency (RF) receiver 
consumes the largest amount of power. 

[0005] A method for enhancing the power efficiency of the power amplifier is to operate 
the power amplifier in a high power mode or a low power mode depending upon the outputted 
power. Herein, the consumed power is reduced in the lower power mode. 

[0006] In addition, a zero intermediate frequency (IF) conversion circuit or a direct 
conversion circuit is adopted in the recent mobile communication system, so as to reduce the 
number of RF receivers and to reduce the time used in mobile phone development. 

[0007] In the mobile communication system adopting the IF conversion circuit, a power 
amplifier having a power gain between the high power mode and the low power mode of about 
10 decibels (dB) is required. However, the power amplifier generally used in the present 
technology has a power gain between the high power mode and the low power mode in the range 
of about 2 to 3 decibels (dB). Accordingly, a power amplifier having a larger gain difference 
between the high power mode and the low power mode is required and on demand. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, the present invention is directed to a power amplifier that 
substantially obviates one or more problems due to limitations and disadvantages of the related 
art. 

[0009] An object of the present invention is to provide a power amplifier that can 
optimize the consumed power efficiency. 

[0010] Another object of the present invention is to provide a power amplifier that has a 
large gain difference between a high power mode and a low power mode. 
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[0011] A further object of the present invention is to provide a power amplifier that can 
control the gain difference between the high power mode and the low power mode. 

[0012] Additional advantages, objects, and features of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be learned from practice of the 
invention. The objectives and other advantages of the invention may be realized and attained by 
the structure particularly pointed out in the written description and claims hereof as well as the 
appended drawings. 

[0013] To achieve these objects and other advantages and in accordance with the 
purpose of the invention, as embodied and broadly described herein, a power amplifier includes a 
first amplifier connected to a first power, a second amplifier connected to a second power, a 
common input impedance matching unit impedance matching inputted signals and outputting the 
inputted signals to the first amplifier and the second amplifier, a common output impedance 
matching unit impedance matching and outputting the signals amplified from the first amplifier 
and the second amplifier, an output impedance matching unit electrically connected between the 
first amplifier and the common output impedance matching unit, and modifying an output 
voltage value of the first amplifier to an output voltage value of the second amplifier, and an 
input impedance matching unit electrically connected between the common input impedance 
matching unit and the first amplifier, and compensating a phase shift occurring during the 
voltage modification of the output impedance matching unit. 

[0014] Herein, the second power connected to the second amplifier is switched by a 
switch and provides an electric current to the second amplifier. The first amplifier is a low 
power amplifier, and the second amplifier is a high power amplifier. 
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[0015] In addition, the first and second amplifiers are formed of a hetero junction bipolar 
transistor array, and each of the first and second powers is an electric current source. 
Alternatively, the first and second amplifiers are also formed of a field effect transistor array, and 
each of the first and second powers is a voltage source. 

[0016] Also, the output impedance matching unit is a low pass type impedance matching 
circuit having a negative phase shift (-<£), and the input impedance matching unit is a high pass 
type impedance matching circuit having a positive phase shift (+$). 

[0017] Herein, the output impedance matching unit includes an inductor connected in 
series between the first amplifier and the common input and output impedance matching units, 
and a capacitor connected between a node and a ground terminal, the node being formed between 
the first amplifier and the inductor. 

[0018] And, the input impedance matching unit includes a capacitor and a resistance 
connected in series between the common input impedance matching unit and the first amplifier, 
and an inductor connected between a node and a ground terminal, the node being formed 
between the capacitor and the resistance. 

[0019] The output impedance matching unit is a high pass type impedance matching 
circuit having a positive phase shift (+$), and the input impedance matching unit is a low pass 
type impedance matching circuit having a negative phase shift (-$). 

[0020] Herein, the output impedance matching unit includes a capacitor connected in 
series between the first amplifier and the common input and output impedance matching units, 
and an inductor connected between a node and a ground terminal, the node being formed 
between the first amplifier and the inductor. 

[0021] Also, the input impedance matching unit includes an inductor and a resistance 
connected in series between the common input impedance matching unit and the first amplifier, 

5 


and a capacitor connected between a node and a ground terminal, the node being formed between 
the inductor and the resistance. 

[0022] In another aspect of the present invention, a power amplifier includes a low 
power amplifier connected to a first power, a high power amplifier connected to a second power 
being switched by a switch, a common input impedance matching unit impedance matching 
inputted signals and outputting the inputted signals to the low power amplifier and the high 
power amplifier, a common output impedance matching unit impedance matching and outputting 
the signals amplified from the low power amplifier and the high power amplifier, a low pass type 
output impedance matching unit electrically connected between the low power amplifier and the 
common output impedance matching unit, and having a negative phase shift (-*) so as to modify 
an output voltage value of the low power amplifier to an output voltage value of the high power 
amplifier, and a high pass type output impedance matching unit electrically connected between 
the common input impedance matching unit and the low power amplifier, and having a positive 
phase shift (+<£) so as to compensate a phase shift occurring during the voltage modification of 
the output impedance matching unit. 

[0023] Herein, the output impedance matching unit includes an inductor connected in 
series between the low power amplifier and the common input and output impedance matching 
units, and a capacitor connected between a node and a ground terminal, the node being formed 
between the low power amplifier and the inductor. 

[0024] Also, the input impedance matching unit includes a capacitor and a resistance 
connected in series between the common input impedance matching unit and the low power 
amplifier, and an inductor connected between a node and a ground terminal, the node being 
formed between the capacitor and the resistance. 
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[0025] In a further aspect of the present invention, a power amplifier includes a low 
power amplifier connected to a first power, a high power amplifier connected to a second power 
being switched by a switch, a common input impedance matching unit impedance matching 
inputted signals and outputting the inputted signals to the low power amplifier and the high 
power amplifier, a common output impedance matching unit impedance matching and outputting 
the signals amplified from the low power amplifier and the high power amplifier, a high pass 
type output impedance matching unit electrically connected between the low power amplifier 
and the common output impedance matching unit, and having a positive phase shift (+$) so as to 
modify an output voltage value of the low power amplifier to an output voltage value of the high 
power amplifier, and a low pass type input impedance matching unit electrically connected 
between the common input impedance matching unit and the low power amplifier, and having a 
negative phase shift (-4>) so as to compensate a phase shift occurring during the voltage 
modification of the output impedance matching unit. 

[0026] Herein, the output impedance matching unit includes a capacitor connected in 
series between the low power amplifier and the common input and output impedance matching 
units, and an inductor connected between a node and a ground terminal, the node being formed 
between the low power amplifier and the inductor. 

[0027] Also, the input impedance matching unit includes an inductor and a resistance 
connected in series between the common input impedance matching unit and the low power 
amplifier, and a capacitor connected between a node and a ground terminal, the node being 
formed between the inductor and the resistance. 

[0028] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this application, 

illustrate embodiments of the invention and together with the description serve to explain the 

principle of the invention. In the drawings; 

[0030] FIG. 1 illustrates a schematic view of a power amplifier according to a first 

embodiment of the present invention; 

[0031] FIG. 2 illustrates a detailed view of input and output impedance matching units of 

FIG. 1; 

[0032] FIG. 3 illustrates a schematic view of a power amplifier according to a second 
embodiment of the present invention; and 

[0033] FIG. 4 illustrates a detailed view of input and output impedance matching units of 
FIG. 3. 

DETAILED DESCRIPTION OF THE INVENTION 
[0034] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers will be used throughout the drawings to refer to the same or like 
parts. 

[0035] FIG. 1 illustrates a schematic view of a power amplifier according to a first 
embodiment of the present invention. 

[0036] Referring to FIG. 1, the power amplifier according to the present invention 
includes a first amplifier and a second amplifier connected to each other in parallel and 
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amplifying the RF input signal. Herein, the first amplifier is a low power mode amplifier 12 and 
the second amplifier is a high power mode amplifier 1 1 . 

[0037] In addition, the power amplifier according to the present invention also includes a 
common input impedance matching unit 16 impedance matching an externally received RF 
signal and outputting the impedance matched signal to the high power mode amplifier 1 1 and the 
low power mode amplifier 12, a common output impedance matching unit 19 matching and 
outputting the amplified RF signal amplified by the high power mode amplifier 1 1 and the low 
power mode amplifier 12, a first power 13 supplying electric current to the low power mode 
amplifier 12, and a second power 14 supplying electric current to the high power mode amplifier 
11. 

[0038] Herein, the second power 12 can selectively provide electric current to the high 
power amplifier 1 1 depending upon the on or off state of a switch 15. 

[0039] Also, the high power mode amplifier 11 and the low power mode amplifier 12 
can be a hetero junction bipolar transistor (HBT) array device or a field effect transistor device. 
If the high power mode amplifier 11 and the low power mode amplifier 12 are formed of the 
hetero junction bipolar transistor (HBT), the first power and the second power become the 
electrical current source. On the other hand, if the high power mode amplifier 1 1 and the low 
power mode amplifier 12 are formed of the field effect transistor device, the first power and the 
second power become the voltage source. 

[0040] Additionally, the power amplifier of the present invention also includes an input 
impedance matching unit 17 electrically connected between the common input impedance 
matching unit 16 and the low power mode amplifier 12 and having a positive phase shifting (+$), 
and an output impedance matching unit 18 electrically connected between the common output 
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impedance matching unit 19 and the low power mode amplifier 12 and having a negative phase 
shifting (-*). 

[0041] The electric current generated from the first power 13 is applied to the low power 
mode amplifier 12. And, the electric current generated from the first power 13 is constantly 
supplied to the low power mode amplifier 12, thereby allowing the low power mode amplifier 12 
to continuously perform amplifying operations. 

[0042] Conversely, the electric current generated from the second power 14 is applied to 
the high power mode amplifier 11. Herein, the electric current generated from the second power 
14 is supplied to the high power mode amplifier 11 depending upon the on or off state of the 
switch 15. And so, the high power mode amplifier 11 performs the amplifying operations in 
accordance with the movement of the switch 15. 

[0043] Herein, the switch 15 is turned on in the high power mode, and the switch 15 is 
turned off in the low power mode. 

[0044] More specifically, in the high power mode, both the high power mode amplifier 
11 and the low power mode amplifier 12 perform the amplifying operations. And, in the low 
power mode, only the low power mode amplifier 12 performs the amplifying operations. 
Accordingly, in the high power mode, the output signal of the high power mode amplifier 1 1 and 
the output signal of the low power mode amplifier 12 are simultaneously received at the input 
terminal B of the common output impedance matching unit 19. 

[0045] At this point, when the voltage size and phase of the output signal of the high 
power mode amplifier 1 1 and the output signal of the low power mode amplifier 12 are different 
from one another, a signal transmission problem between both amplifiers 1 1 and 12 may occur. 

[0046] Therefore, in the high power mode, the input impedance matching unit 1 7 and the 
output impedance matching unit 1 8 match the signal amplified at the high power mode amplifier 
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11 and the signal amplified at the low power mode amplifier 12 as a signal having the same 
voltage size and phase. 

[0047] At this point, between the common input impedance matching unit 16 and the 
low power mode amplifier 12, the input impedance matching unit 17 phase shifts the output 
signal of the common input impedance matching unit 16 into a positive phase (+$), which is 
then transmitted to the low power mode amplifier 12. 

[0048] Also, between the low power mode amplifier 12 and the common output 
impedance matching unit 19, the output impedance matching unit 18 phase shifts the output 
signal of the low power mode amplifier 12 into a negative phase (-4>), which is then transmitted 
to the common output impedance matching unit 19. 

[0049] Herein, the phase shift 3> has a positive (+) value, and, in the low power mode, 
the positive (+) value is a phase shift enabling the output impedance matching unit 18 to 
reproduce an optimum output impedance. In other words, the phase shift * is a phase shift 
allowing the voltage of the low power mode and the voltage of the high power mode to have the 
same voltage size and to be identical to each other. 

[0050] When the high power mode amplifier 11 and the low power mode amplifier 12 
are simultaneously operated, the phase shift (-<£) caused by the output impedance matching unit 
18 is shifted to have an opposite phase (i.e., the positive phase (+$)), thereby making the phase 
of both output signals identical to each other at the node B. 

[0051] Phase shifts and -<f> having the same size but different symbols are formed at 
the input and output units of the low power mode amplifier 12, so as to easily represent the 
output impedance matching unit 18 for optimum output impedance of the low power mode 
amplifier 12 as an L-C impedance matching circuit. 
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[0052] In the power amplifier according to the present invention, the phase shift value $ 
is mostly below 90 degrees (90°), and so the L-C value is also small, thereby facilitating the 
representation of a circuit. The small circuit can be applied to a compact size microwave 
monolithic integrated circuit (MMIC). 

[0053] Generally, the negative phase shift (-*) occurs when a signal passes through a 
low pass type impedance matching circuit, and the positive phase shift (+$) occurs when a 
signal passes through a high pass type impedance matching circuit. In addition, the low pass 
type impedance matching unit and the high pass type impedance matching unit are both included 
in the present invention, thereby representing the desired impedance and phase shift. 

[0054] In the high power mode, the high power mode amplifier 1 1 gains a high power 
mode output impedance (Zhpm) through the common output impedance matching unit 19. And, 
the low power mode amplifier 12 gains a low power mode output impedance (Z L pm) through the 
output impedance matching unit 18 and the common output impedance matching unit 19. 

[0055] On the other hand, in the low power mode, the high power mode amplifier 1 1 
does not operate, and only the low power mode amplifier 12 is operated. And, the power mode 
amplifier 12 gains a low power mode output impedance (Z L pm) through the output impedance 
matching unit 18 and the common output impedance matching unit 19 of the low power mode 
amplifier 12. 

[0056] FIG. 2 illustrates a schematic diagram of input and output impedance matching 
units of FIG. 1. 

[0057] Referring to FIG. 2, the output impedance matching unit 18 is a low pass type 
represented by a parallel capacitor 104, having a negative phase shift (-$), and a series inductor 
105 from the output unit of the low power mode amplifier 12. 
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[0058] Herein, the series inductor 105 is electrically connected between the input 
terminal and the output terminal of the output impedance matching unit 18. And, the parallel 
capacitor 104 is electrically connected between the input terminal and the ground terminal of the 
output impedance matching unit 18. 

[0059] On the other hand, the input impedance matching unit 17 is a high pass type 
represented by a series capacitor 101, having a positive phase shift (+$), and a parallel inductor 
102 from the input unit of the low power mode amplifier 12. In the low power mode, the input 
impedance matching unit 17 prevents oscillation from occurring, and a series resistance 103 is 
connected, so as to control the gain of the low power mode amplifier 12. 

[0060] Herein, the series capacitor 101 and the series resistance 103 are connected in 
series between the input terminal and the output terminal of the input impedance matching unit 
17. And, the parallel inductor 102 is electrically connected between the ground terminal and the 
common terminal of the series capacitor 101 and the series resistance 103. 

[0061] Other operation principles are identical to those described in FIG. 1 and will, 
therefore, be omitted for simplicity. 

[0062] FIG. 3 illustrates a schematic view of a power amplifier according to a second 
embodiment of the present invention. FIG. 3 illustrates a phase shift opposite to that of the input 
and output impedance matching units shown in FIG. 1 . 

[0063] Referring to the FIG. 3, the output impedance matching unit 18 having a positive 
phase shift (+$) is electrically connected to the output unit of the low power mode amplifier 12. 
And, the input impedance matching unit 17 having a negative phase shift (-$) is electrically 
connected to the input unit of the low power mode amplifier 12. 

[0064] The operation principle of the low power mode amplifier is identical to that 
described in FIG. 1 and will, therefore, be omitted for simplicity. 
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[0065] FIG. 4 illustrates a detailed view of input and output impedance matching units of 
FIG. 3. 

[0066] Referring to FIG. 4, the output impedance matching unit 18 is a high pass type 
represented by a series capacitor 205, having a positive phase shift (+$), and a parallel inductor 
204 from the output unit of the low power mode amplifier 12. The series capacitor 205 is 
electrically connected between the input terminal and the output terminal of the output 
impedance matching unit 18. And, the parallel inductor 204 is electrically connected between 
the input terminal and the ground terminal of the output impedance matching unit 18. 

[0067] On the other hand, the input impedance matching unit 17 is a low pass type 
represented by a series inductor 201, having a negative phase shift (-$), and a parallel capacitor 
202 from the input unit of the low power mode amplifier 12. In the low power mode, the input 
impedance matching unit 17 prevents oscillation from occurring, and a series resistance 203 is 
connected, so as to control the gain of the low power mode amplifier 12. 

[0068] Herein, the series inductor 201 and the series resistance 203 are electrically 
connected between the input terminal and the output terminal of the input impedance matching 
unit 17. And, the parallel capacitor 202 is electrically connected between the ground terminal 
and the common terminal of the series inductor 201 and the series resistance 203. 

[0069] Other operation principles are identical to those described in FIG. 1 and will, 
therefore, be omitted for simplicity. 

[0070] As described above, in the power amplifier according to the present invention, 
the gain and the maximum output of the low power mode amplifier 12 and the high power mode 
amplifier 1 1 are adequately decided in accordance with each mode and usage. However, the 
input and output phase difference between the amplifiers 1 1 and 12 is assumed to be identical. 
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[0071] In addition, the low power amplifier 12 and the high power amplifier 11 can be 
formed of the hetero junction bipolar transistor (HBT) array, and can also be formed of the 
bipolar junction transistor (BJT) array or the field effect transistor (FET) array. 

[0072] Herein, when using the HBT array, the power used in the amplifier becomes the 
electric current source. On the other hand, when using either the BJT array or the FET array, the 
power used in the amplifier may become the voltage source. 

[0073] In the present technology, the power amplifiers generally used in the mobile 
phones produce a maximum efficiency of only 10 % in the low power mode. 

[0074] However, the power amplifier according to the present invention has the 
following advantages. 

[0075] An impedance matching unit is connected to each of the input and output units of 
the low power mode amplifiers, thereby controlling the maximum output and the maximum 
efficiency impedance of the power amplifier. 

[0076] Moreover, by connecting the impedance matching unit to each of the input and 
output units of the low power mode amplifier, the amplification gain of the power amplifier can 
be controlled. 

[0077] Furthermore, when operated in the high power mode, the signals outputted from 
the low power mode amplifier and the high power mode amplifier are matched to become signals 
having the same size and phase, thereby blocking the signal transmission between the two 
amplifiers. Accordingly, the maximum output power is increased, the linear characteristic is 
insured, and the power efficiency is enhanced. 

[0078] Finally, the input and output impedance matching units depending upon the phase 
shifts are represented by the L-C impedance matching circuit, thereby being highly applicable to 
compact circuits, such as the microwave monolithic integrated circuit (MMIC). 

15 


[0079] Therefore, the power amplifier according to the present invention can be highly 
effective when used in mobile phones and personal digital assistants (PDAs) using batteries, and 
local area network (LAN) cards in laptop computers. The present invention can also be 
effectively used in all types of wired and wireless telecommunication systems without any 
limitation. 

[0080] More specifically, the present invention can be effectively used in 
telecommunication systems seeking to enhance consumed power efficiency when operated at a 
low power mode and a high power mode. 

[0081] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the spirit or scope of the 
inventions. Thus, it is intended that the present invention covers the modifications and variations 
of this invention provided they come within the scope of the appended claims and their 
equivalents. 
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